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TN THE UNTTED STATES PATENT & TRADEMAJRK OFFICE 
nSF RE APPLICATION OF : 

CHEN : EXAMINER: R-W.FREID^ ^_ ^^2003 



SERIAL NO: 09/833,016 
FILED: APRIL 10, 2001 



GROUP ART UNIT: Sl23" \ 



FOR: FORCE'BAIANCED ROLLER- 
CONE BITS. SYSTEMS, DRILLING % ^ "2. 
METHODS, AND DESIGN METHODS 3, ^ 

37 CFR 1 .604 REQUEST FOR AN ' ^ 
INTERFERENCE WTTH AN APPLICATION O 

COMMISSIONER FOR PATENTS 
ALEXANDRIA, VIRGINIA 22313 
SIR: 

L 37 CFR 1.6Q4(a>a) 

Applicant proposes the following count, which is in the fonnat approved by the 
Commissioner in Orikasa v. Qopishi. 10 USPQ2d 1996, 2003 (CommV 1990), and Davis v. 
Uke. 27 USPQ2d 1 180, 1 188 (CommV 1993): 

Claims 1, 5, 10, 16, 22, 23, 24, 25, and 26 of the party Huang's application serial No. 
09/635,116 

OR 

Claims 34, 35, 36, 40, 46, 47, 48, 49, and 50 of the party Chen's application serial No. 
09/833,016. 

Claims 34-50 presented in the 37 CFR 1.604(a)(1) amaidment subnaitted herewith 
correspond to the proposed count Indeed, the proposed count includes all of the independent 
claims in that group of claims. 
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n. 37CFR1.604fa)m 

The other application is application serial No. 09/635,1 16 filed August 09, 2000 and 
naming Huang et al. as inventors. If that application is now abandoned, this request is 
directed to any continuation of that application now pending. 

Applicant believes that all claims in application serial No. 09/635, 11 6 or any 
continuation of that ^plication now pending correspond to the proposed count Since 
applicant does not have access to that application, he cannot be sure. This request is based on 
the fact that the assignee of tfie Huang apphcation has informed the assignee of the Chen 
application that the subject matter of Huang's claims 1-27 has been allowed in Huang's 
application- Applicant does not know the actual claim numbers used in the Huang 
application. The copy of Huang's claims provided to Chen's assignee by Huang's assignee 
were numbered 1-27. 

m. 37CFR1.604faK3) 
The interference should be declared because, as shown by the table below, the parties 
are claiming ihe same patentable invention. 



Chen's AppUcatjon 

34. A method for determining a volume of 
formation cut by each one of a plurality of 
roller cones on a drill bit drilling in earth 
foimations, comprising: 

selecting bit design paramet^, 
comprising at least a geometiy of a cutting 
element on tiie drill bit; 

selecting at least one characteristic of 
an earth forEoation to be simulated as being 
drilled by the drill bit; 

simulating drilliog of the earth 



Huang's Application 

5. A method for deterauning a volume of 
formation cut by each cme of a plurality of 
roller cones on a drill bit drilling bx earth 
formations, comprising: 

selection bit design parameters, 
comprising at least a geometry of a cutting 
element on the drill bit; 

selecting at least one characteristic of 
an eartih fbrmaticm to be simulated as being 
drilled by the drilling bit; 

simulating drilling of the earth 
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formation, the simxilating compiismg 
calculating fiom the selected bit design 
parameters and the selected earth formation 
characteristic, parameters for a crater formed 
when each one of a phirality of cutting 
elements on each of the roller cones contacts 
the earth formatioiL, the parameters 
including at least a volume of the crater; 

simulating incrementally rotating the 
bit, and repeating the calculating of the 
crater parameters for a selected number of 
incremental rotatiozxs; and 

combining the volume of eadi crater 
formed by each of the cutting elements on 
each of the roller cones to determine the 
volume of jEbimation cut by each of the 
roller cones. 

35. A method for balancing a volume of 
formation cut by each one of a plurality of 
roller cones on a drill bit drilling in earth 
formations^ comprising: 

selecting bit design parameters, 
comprising at least a geometry of a cutting 
el^nent on the drill bit; 

selectiixg at least one characteristic of 
. an earth formation to be simulated as being 
drilled by the drill bit; 

simulating drilling of the drill bit 
through the earth fimnation, the simulating 
comprising calculating from the selected bit 
design parameters and Ae selected eaith 
formation characteristic, parameters for a 
crater formed when eadbi one of a plurality 
of cutting elements on each of the roller 
cones contacts the earth formation, the 
parameters including at least a volume of the 
crater; 

simulating incrementally rotating the 
bit, and repeating the calculating of the 
crater parameters for a selected number of 
simulated incremental rotations; 

combining the volume of each crater 



fomiation> the simulating comprising 
calculating from the selected bit design 
parameters and the selected earth formation 
characteristic, parameters for a crater formed 
when each one of a plurality of cutting 
elements on each of the roller cones contacts 
the earth formation, tiie parameters 
including at least a volume of the crater, 

simulating incrementally rotating the 
bit, and repeating the calculating of the 
crater parameters for a selected number of 
incremental rotations; and 

combining the volume of each crater 
formed by each of the cutting elements on 
each of the roller cones to determine the 
volimie of formation cut by each of the 
roller cones. 

16. A method for balancing a volume of 
formation cut by each of a plurality of roller 
cones on a drill bit drilling in earth 
formations, comprising: 

selecting bit design parameters, 
comprising at least a geometry of a cutting 
element on the drill bit; 

selecting at least one characteristic of 
an eai& fbrmarion to be simulated as beiug 
drilled by the drill bit; 

simulating drilling of the drill bit 
through the earth fomaation, the simulating 
comprising calculating from the selected bit 
design parameters and the selected earth 
formation characteristic, parameters for a 
crater formed when each one of a plurality 
of cutting elements on each of the roller . 
cones contacts the earth formation, the 
parameters including at least a volume of the 
crater, 

simulating incrementally rotating the 
bit, and repeating the calculating of the 
crater parameters for a selected number of . 
simulated incremental rotations; 

combining the volvone of each crater 



3 

Received from < 7034132220 > at S/2Sf03 3:09:49 PM [Eastern Daylight Time] 



AUG. 25. 2003 3:16PM 



OBLON, SPIVAK 



NO. 102 P. 19 



foimed by each of the cutting elements on 
each of the roller cones to detennine the 
volume of formation cut by each of the 
roller cones; and 

adjustins at least one of the bit 
design parameters, and repeating the 
calculating the crater volume, incrementally 
rotating and combining the volume 
simulating until a difference between the 
combined volxmie cut by each of the cones is 
less than the combined volume deteEcmined 
prior to the adjiisting the at least one of the 
bit design parameters- 



formed by each of the cutting elements on 
each of the roller cones to detemiine the 
volume of fomiation out by each of the 
roller cones; and 

adjusting at least one of the bit 
desiga parameters, and repeating the 
simulating imtil a difference between the 
combined volume cut by each of the cones is 
less than the combined volume determined 
prior to the adjusting <he at least one of the 
bit design parameters. 



17. The method as defined in claim 16 
wherein the volume of each of the craters is 
determined by: 

detennining an axial force on each of 
the cutting elements; 

calculating, fix>m the axial force on 
each of the cutting elements, an expected 
d^th of penetration and projected area of 
contact between each of the cutting elements 
and the earth formation; and 

calculating the volume of each of the 
craters from the expected depth of 
penetration and projected area of contact. 

18. The method ad defined in claim 17 
wherein the axial force acting on each of the 
cutting olem^ts totals an axial force appUed 
tothedriUbit 

19. The method as defined in claim 18 
v^erein an incremental axial movement of 
the drill bit correspondio® to the 
incrementally rotating is adjusted to cause 
die axial force on each of the cutting 
elements to total the axial force applied to 
the drill bit, the axial force acting on each of 
the cutting elements determined with respect 
to a predetermined relationship between 
depth of penetration and axial force applied 
for the cutting element geometry and the 
earth formation. 
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36. A method for deteonining an axial force 
acting on each one of a plurality of roller 
cones on a roller cone drill bit during 
drilling, comprising: 

simulating drilling of an earth 
formation by tibie roller cone bit, the 
simiilating comprising calculating, fiom a 
geometry of cutting elements on each of the 
roller cones and at least one charanteristic of 
an earth formation being drilled by the drill 
bit, an axial force acting on each of the 
cutting elements; 

simulating incrementally rotating the 
bit and recalculating the axial forces acting 
on each of the cutting elements; 

repeating the simulating the 
incrementally rotating and recalculating for 
a selected nimaber of increm«ital rotations; 
and 

combining the axial force actijo^ on 
the cutting elements on each one of the 
roller cones to determine the axial force 
acting on each of flxe roller cones. 

37, The method as defined in claim 16 
wherein the axial force acting on each of the 
cutting elements totals an axial force applied 
to the drill bit 



L A method for determining an axial force 
acting on each one of a plurality of roller 
cones on a roller cone drill bit during 
drilling comprising: 

simulating drilling of an earth 
formation by the roller cone bit, the 
simulating comprising calculating, ftom a 
geometry of cutting elements on each of the 
roller cones and at least one characteristic of 
an earth formation being drilled by the drill 
bit, an axial force acting on each of ttie 
cutting elements; 

simulating incrementally rotating the 
bit and recalculating the axial forces acting 
on each of the cutting elements; 

repeating the simulating the 
incrementally rotating and recalculating for 
a selected number of incremental rotations; 
and 

combining the axial force acting on 
the cutting elements on each one of the 
roller cones to determine the axial force 
acting on each of the roller cones. 

2. The method as defined in claim 1 
wherein the axial fence acting on each of the 
cutting elements totals an axial force applied 
to the drill bit 

3- The method as defined in claim 2 
wherein an incremental axial movOTient of 
the drill bit corresponding to the 
incrementally rotatijo^ is adjusted to cause 
the axial force on each of the cutting 
elements to total tiie axial force applied to 
the drill bit, the axial force acting on each of 
the cutting elements determined with respect 
to a predetermined relationship between 
depth of penetration and axial force applied 
for the cutting element geometry and the 
earth formation. 

4. TTie method as defined in claim 3 
wherein the predetennined relationship is 
determined by laboratory experiment 
comprising impressing a cutting element 
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38. The method as defined in claim 17 
wherein the volume of each of the craters is 
detexzxiined by: 

detennimng an axial force on each of 
the cutting elanents; 

calculating^ fiom the axial force on 
each of the cutting elements, an expected 
depth of penetration and projected area of 
contact between each of the cutting elements 
and the eartli forroation; and 

calculating the volume of each of the 
craters firom the expected depth of 
penetration and.projected area of contact. 

39. The method as defined in claim 18 
further wherein the axial force acting on 
each of the cutting elements totals an axial 
force applied to the drill hit- 



having known geometry onto a selected 
earth formation, while measuring force on 
the cutting element and a corresponding 
depth of penetration of the cutting element 
into the selected earth formation, 

6. The method as defined in claim 5 
wherein the volume of each of the craters is 
determined by: 

determining an axial force on each of 
the cutting elements; 

calculating, from an axial force on 
each of the cutting elements* an expected 
depth of penetration and projected area of 
contact between each of the cutting elements 
and the earth formation; and 

calculating the volume of each of the 
craters from the expected depth of 
penetration and projected area of contact 

7. The method as defined in claim 6 further 
wherein the axial force acting on each of the 
cutting elements totals an axial force applied 
to the drill bit, 

S. The method as defined in claim 7 
wherein an incremental axial movement on 
the driU bit corresponding to the 
incrementally rotating is adjusted to cause 
the axial force on each of the cutting 
elements to total the axial force applied to 
the drill bit, the axial force acting on each of 
the cutting elements determined with respect 
to a predetermined relationship between 
depth of penetration and axial force applied 
for the cutting geometry and the earth 
formation. 

9- The method as defined in claim 8 
wherein the predetermined relationship is 
determined by laboratory experiment 
comprising impressing a cutting element 
having known geometry onto a selected 
earth formation, while measuring force on 
the cutting element and a corresponding 
depth of penetration of the cutting element 
into the selected earth formation. 
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40, A method for balancing axial forces 
acting on each one of a plurality of roller 
cones on a roller cone drill bit during 
drilling, comprising: 

simulating the drill bit diilling 
through an earth formation, lixe simulating 
comprising calculating, from a geometry of 
cutting elements on each of the roller cones 
and at least one characteristic of an earth 
formation simulated as bei^g drilled by the 
drill bit, an axial force acting on each of the 
cutting elements, 

simulating incrementally rotating the 
bit and recalculating the axial forces acting 
on each of the cutting elements; repeatixxg 
the incrementally rotating and recalculating 
for a sheeted nxraiber of simulated 
incremental rotations; 

combining the axial force acting on 
the cutting elements on each one of the 
roller cones; and 

adjusting at least one bit design 
param^r, and repeating the simulating until 
a difference between the combined axial 
force on each one of the roller cones is less 
than a difference between the combined 
axial force determined prior to adjusting the 
at least one initial design parameter. 

41. The method as defined in claim 20 
wherein the axial force acting on each of the 
cutting elements totals an axial force applied 
to the drill bit 



10. A method for balancing axial forces 
acting on each one of a plurality of roller 
cones on a roller cone drill bit during 
drilling, comprising: 

simulatiQg the rill bit drilling through 
an earth formation, the simulating 
comprising calculating, from a geometry of 
cutting elements on each of the roller cones 
and at least one characteristic of earth 
formation simulated as being drilled by the 
drill bit, an axial force acting on each of the 
cutting elements, 

simulating incrementally rotating the 
bit and recalculating the axial forces acting 
on each of Ihe cutting elements; repeating 
the incrementally rotating and recalculating 
for a selected number of simulated 
incremental rotations; 

combixnng the axial forces on the 
cutting elements on each one of the roller 
cones; and 

adjusting at least one bit design 
parameter, and repeating the simulating until 
a difference between the combined axial 
force on each one of the roller cones is less 
than a difference between the coxnbined 
axial force determined prior to adjusting the 
at least one initio design parameter. 

11. The method as defined in claim 10 
wherein the axial force acting on each of the 
cutting elements totals an axial force applied 
to the drill bit. 

12. The method as defined in claim 1 1 
wherein an incremental axial movement of 
the drill bit corresponding to the 
incrementally rotating is ac^usted to cause 
the axial force on each of the cutting 
elements to total the axial force £^plied to 
the drill bit, ttie axial force acting n each of 
the cutting elements determined with respect 
to a predetermined relationship between 
depth of penetration and axial force applied 
for the cutting element gecmctry and the 
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42. The method as defined in claim 20 
wherein the at least one bit design parameter 
comprises a nximber of cutting elements on 
at least one of the cones. 

43. The method as defined in claim 20 
wherein the at least one bit design parameter 
comprises a location of cutting elements on 
at least one of the concs. 

44. The method as defined in claim 1 5 
wherein the at least one bit design parameter 
comprises a ntjmber of cutting elements on 
at least one of the cones, 

45. The method as defined in claim 15 
wherein the at least one bit design parameter 
comprises a location of cutting elements on 
at least one of the cones, 

46. Amethodfor optimizing a design of a 
roller cone drill bit, comprising: 

simulating the bit drilling through a 
selected earth formation; 

adjixsting at least one design 
parameter of the bit, the at least one design 
parameter comprisix^ a paramet^ selected 
fiom the group of a number of cutting 
elemrats on each one of a plurality of roller 
cones, cutting element type, and a number of 
TOWS of cutting elements on each one of the 
plurality of roUer cones; 

repeating the simulating the bit 
drilling; and 



earth formation, 

13, The method as defined in claim 12 
wherein the predeteraiinod relationship is 
determined by laboratory experiment 
comprising impressing a cutting element 
having known geometry onto a selected 
earth formation, while measuring force on 
the cutting element and a corresponding 
depth of penetration of the cutting dement 
into the selected earth fomxation. 

14, The method as defined in claim 10 
wherein the at least one bit design parameter 
comprises a number of cutting elements on 
at least one of the cones. 

15, The method as defined in claim 10 
wherein the at least one bit design parameter 
comprises a location of cutting elements on 
at least one of the cones. 

20. The method as defined in claim 16 
wherein the at least one bit design parameter 
comprises a number of cutting element s on 
at least one of the cones. 

21. Tl:ie method as defined in claim 16 
wherein the at least one bit design parameter 
comprise a location of cutting elements on at 
least one of the cones. 

22. A method for optimizing a design of a 
roller cone drill bit^ comprising: 

simulating the bit drilling through a 
selected earth formation; 

adjusting at least one design 
parameter of the bit, the at least one design 
parameter comprising a parameter selected 
fi'om the gjxyixp of a number of cutting 
elements on each one of a plurality of roller 
cones, cutting element type, and a number of 
rows of cutting elements on each one of the 
plurality of roller cones; 

repeating the simulating the bit 
drilling; and 
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repeating liie adjusting and 
sirmilating until an optimized design is 
detenained. 

47. A method for optimizing a design of a 
roller cone drill bit, comprising: 

simulating the bit drilling through a 
selected earth fonnation; 

adjustmg at least one design 
parameter of the bit; 

repeating the simulating the bit 
drilling; and 

repeating the adjusting and 
simulating until a rate of penetration of the 
bit through the selected earfti formation is 
maximized. 

48. A method for optimizing a design of a 
roller cone drill bit, comprising: 

simulating the bit drilling through a 
selected earth fom:iation; 

adjusting at least one design 
parameter of the bit; 

repeating the simidating tiie bit 
drilling; and 

repeating the adjusting and 
simulating until an axial force on the bit is 
substantially balanced between the roller 
cones. 

49. A method for optimizing a design of a 
roller cone drill bit, comprising: 

simulating the bit drilling through a 
selected earth formation; 

adjusting at least one design 
parameter of the bit; 

repeating the simulating the bit 
drilling; and 



repeating the adjuisting and 
simulating until an optimized design is 
determined. 

23. A method for optimizing a design of a 
roller cone drill bit, comprising: 

simulating the bit drilling through a 
selected eaith formation; 

adjusting at least one design 
parameter of the bit; 

repeating the simulating the bit 
drilling; and 

repeating the a4iusti4g and 
simulating until a rate of penetration of the 
bit through the selected eaith formation is 
maximized. 

24. A method for optimizing a design of a 
roller cone drill bit, comprising: 

simulatiDtg the bit drilhng through a 
selected earth formation; 

adjusting at least one design 
parameter of the bit; 

repeating the simulating the bit 
drilling, and 

repeating the adjusting and 
simulating until an axial force on the bit is 
substantially balanced between the roller 
cones. 

25. A method for optimizing a design of a 
roller cone drill bit, comprising: 

simulating the bit drilling through a 
selected earth formation; 

adjusting at least one design 
paramet^ of the bit; 

repeating the simulating the bit 
drilling; and 
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repeating the adjusting and 
simulating until a volume of foimation cut 
by the bit is substantially balanced between 
the roller cones, 

50, A metjiod for optimizing a design of a 
roller cone drill bit, comprising: 

simulating the bit drilling ttirough a 
selected earth foimation; 

adjusting at least one design 
parameter of the bit; 

repeating the simulating the bit 
driUmg; and 

repeating the adjusting and 
simulating until an optimized design is 
determined^ wherein the simulating 
comprises: 

selecting bit design 

parametexs; 

selecting drilling parameters; 

selecting an eaxtii foxmation 
to be represented as drilled; 

calculating from the selected 
parameters and the formation^ parameters 
for a crater formed when one of a plurality 
of cutting elemmts on the bit contacts the 
earth foimation, the cutting elements having 
kaown geometry; 

calculating a bottomhole 
geometry, wherein flie crater is removed 
from a bottomhole surface; 

ina-ementally rotating the bit; 

repeating the calculating of 
the crater parameters and the bottomhole 
geometry based on calculated roller cone 
rotation speed and geometrical location of 
the cutting elements with respect to rotation 
of the bit about its axis. 



repeating the adjusting and 
simulating until a volume of foimation cut 
by the bits is substantially balanced between 
the roller cones. 

26. Amethodfor optimizing a design of a 
roller cone drill bit, comprising: 

simulating the bit drilling through a 
selected earth foimation; 

adjusting at least one design 
parameter of the bit; 

repeating the simulating the bit 
drilling; and 

repeating the adjusting and 
simulating imtil an optimized desiga is 
deteimined, wherein the simulating 
con^rises: 

selecting bit design 

parameters; 

selecting drilling parametexs; 

selecting an earth foimation 
to be represented as drilled; 

calculating from the selected 
parameters and the formation, parameters 
for a crater formed when one of a plurality 
of cutting elements on the bit contacts the 
earth formation, the cutting elements having 
known geometry; 

calculating a bottomhole 
geometry, wherein the crater is removed 
from a bottomhole stuface; 

incrementally rotating the bit; 

repeating the calculating of 
the crater parameters and the bottomhole 
geometry based on calculated roller cone 
rotation speed and geometrical location of 
the cutting elemaits with respect to rotation 
of the bit about its axis. 

27. The method as defined in claim 26, 
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wherein ttie calculated crater parameters are 
derived from laboratoiy tests comprising a 
cutting element having selected geometry be 
impressed on an earth fomiation sample 
with a selected force, the tests geaerating at 
least a correspondence between penetration 
depth of said cutting element into the 
formation and the selected force- 



There are no differeaaces between the party Chen's claims and the party Singh's claims 
Usted side-by-side above. Tlius, it is clear that the parties are claiming the same patentable 
invention. 

Moreover, Chen submits that the subject matter defined by Sink's dependent claims 
3, 4, 8, 9, 12, 13, and 16-19 would have been obvious to a person having ordinary skUl in the 
art in the 1998-2000 time frame firom the subject matter defined by their respective 
independent claims. Therefore, they should also be designated as corresponding to the 
proposed count. 

IV. SUPPORT FOR COPIED CLAIMS 

The application of the terms of claims 34-50 to the specification of the parent 
application is shown below: 

Application Claims Support in the Specification 

34. A method for determining a volume of Page 1 7 Line 3: "It is not difiScult to 

formation cut by each one of a plurality of calculate the volumes removed by each row 

roller cones on a drill bit drilling in earth — 

formations, comprising: Let V,, Vs and V3 be the volume removed 

by cone 1 , 2 and 3, respectively. ..." 

Page 1 1 Line 8: *T)esigner can evaluate the 
force balance and energy balance 
conditions of existing bit designs." 

Page 16 Line 12: "As we stated in previous 
sections, there are many parameters which 
affect bit balance conditions. Among these 
parameters:, the teeth crest length, their 
positions on cones (row distribution on 
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selectijO^g bit design parameters, 
comprising at least a geometry of a cutting 
elemeiit on the drill bit; 



selecting at least one characteristic of 
an earth fonnation to be simulated as being 
drilled by the drill bit; 



cone) and the number of teeth play a 
significant role. An increase in the size of 
any one parameter must of necessity result 
in the decrease or increase of one or more of 
the others." 

Page 16 Line 20: 'The first step in the 
optimization procedure is to choose the 
design variables. Consider a cone of a steel 
tooth bit as shown in Figure 3. The cone has 
three rows. For the sake of simplicity, the 
journal angle, the offset and the cone profile 
will be fixed and wiU not be as design 
variables. Therefore the only design 
variables for a row are the crest length, Lc, 
the radial position of the center of the crest 
length, Rc, and the tooth angles. ... 
Therefore, the number of design variables is 
4 times of the total number of rows on a 
bit/* 

Page 17 Line 15: *Tor example, V32 is the 
elemewt in the volume matrix representing 
the rock volxune removed by the second row 
of the third cone. The elements Vfj of this 
matrix are all fimctions of the design 
variables.** Applicant submits that: 
'T)esign variables" and "design parameters" 
are synonymous. 

Page 13 Line 13: 'The force-cutting 
relationship for this single element may be 
described by: 

F„ = k<,*(r*S« (1) 

F;^-Ai^*Fze (2) 

Fyc=^*F« (3) 
Where FzB is the normal force and Fxe» Fy© are 
side forces, respectively, a is the compressive 
strength, Se tihe cutting depth and and 
/ly are coefficient associated with fonnation 
properties.'* 

Page 7 Line 15: *'More recently, computer 
programs have been developed which 
predict and simulate the bottom hole 
patterns developed by roller cone bits by 
combining the complex movement of the 
teeth with a model of formation failure, 
(Ma,,.. 1995)." 
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simulatiiig drilling of the earth 
formation, the simulating comprising 
calculating from the selected bit design 
parameters and the selected earth fomiation 
characteristic, parameters for a crater formed 
when each one of a plurality of cutting 
elements on each of the roller cones contacts 
the earth formation, the parameters 
including at least a volume of the crater; 



simulating incrementally rotating the 
bit, and repeating the calculating of the 
crater parameters for a selected number of 
ixxcremental rotations; and 



Page 13 Line 26: *TTiere are many types of 
inserts used today for roller cone bit 
depending on the rock type drilled." 

Page 20 line 1 : "... the volume of formation 
removed by each tooth in each row, of each 
cuttmg structure (cone), is calculated This 
calculation is based on input data of bit 
geometry, rock properties, and operational 
parameters." 

Page 17 Line 20: . . the volume matrix 
calculated in a 2D manner must be scaled. 
The scale matrix, Kv, maybe obtained as 
follows, 

Kv (i j) ^ Vsdo (i j) / V2do (id) (9) ^ ^ 

where Ysdo is the volume matrix of the initial 
designed bit (before optiraization). Vjdo is 
obtained fiom the rode bit computer program 
by simulate [simulating] the bit drilling 
procedure [for] at least 10 seconds." 

Page 14 Line 21: "At any time t, the position 
of a tooth in space is foUy determined. If the 
tooth is in interaction with the hole bottom, 
the hole bottom is updated and tiie cutting 
depth for each cutting element is calculated 
and the forces acting on the elemexxts are 
obtained." 

Page 27 line 8 (Claim 10 as filed): "(d) 
calculating the volxime of formation 
displaced by a crater enlargement 
parameter function." 

Page 14 Line 10: The bit kinematics is 
described by bit rotation speed, £i=RPM 
(revolutions per minute), and the rate of 
penetration, ROP. Both KPM and ROP may 
be considered as coixstant or as [varying] 
function with time, 

(2) The cone kineniatics is 
described by cone rotational speed. Eacdi 
cone may have its own speed The initial 
value is calculated £rom the bit geometric 
parameters or just estimated fiom 
experiment. In the calculation the cone 
speed may be changed based on the torque 
acting on the cone. ... 

(5) After the bit is fully drilled into 
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combining the volume of each crater 
formed by each of the cutting elements on 
each of the roller cones to detennine the 
volume of formation cut by each of the 
roller cones. 



the rock, these forces are recorded at each 
time step. A period time usually at least 10 
seconds is simulated." 

Page 19 hne 10: 'Tigure 6 shows the 
flowchart of the optimization procedure. 
The procedure begins by readiag the bit 
geometry and other operational parameters. 
The forces on the teetii, cones, bearings, and 
bit are then calculated. Once the forces are 
known, they are compared, and if they are 
balanced, then the design is optimized. If the 
forces are not balanced, then the 
optimization must occur. Objectives, 
constraints, design variables and their 
bounds (maximum and minimum allowed 
values) are defined, and the variables are 
altered to conform to the new ofcgectives. 
Once the new objectives are met, the new 
geometric parameters are used to re-design 
the bit, and the forces are again calculated 
and checked for balance. This process is 
repeated imtil the desired force balance is 
achieved," 

Page 21 Line 22: (a) calculating the 
volume of formation cut by each tooth on 
each cutting stmcture; (b) calculating the 
volume of formation cut by each cutting 
structure per revolution of the drill bit; , . 

Page 17 Line 8; • . the objective is to let 
each cone remove the same amoimt of rock in 
one bit revolution. This is called volume 
balance or energy balance. . . . 
The volume matrix has the final form: 
Vi,(U)=Kv(ij) *V(ij) = fv(Lc,^,o^^ 
(10) 

Let Vi, V2 and V3 be the volume removed by 
cone 1,2 and 3, respectively. ..." 

Page 14 Line 6: 'The element forces are 
integrated into tooth forces^ the tooth forces 
are integrated into cone forces, the cone 
forces are transferred into bearing forces and 
the bearing forces are integrated into bit 
forces." 

Although the passage at page 14 refers to 
summation of forces, the volumes are 
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35. A mefthod for balancing a volutne of 
formation cut by each one of a plurality of 
roller cones on a driU bit drilling in earth 
formations, comprising: 

selecting bit design parameters, 
comprising at least a geometry of a cutting 
elanent on the drill bit; 



similarly surmned to calculate the cone 
volumes Vu and 

Page 10 Line 17: 'The roller cone bit is 
energy balanced such that each of the 
cutting structures drill substantially equal 
volumes of formation," 

Passages at Page 16 Line 12, Page 16 Line 
20 and Page 17 Line IS, as quoted above for 
Claim 34. 



selecting at least one characteristic of Passages at Pag© 13 Line 13, Page 7 Line 
an earth fonnation to be simulated as being 15, and Page 13 Line 26, as quoted above 

drilled by the drill bit; for Claim 34. 



simulating drilling of the drill bit 
through the earth foimation, the simulating 
con:^>rising calculating &om the selected bit 
design parameters and the selected earth 
fozmation characteristic, parameters for a 
crater formed when each one of a plurahty 
of cutting elements on each of the roller 
cones contacts the earth foimation, the 
parameters including at least a volume of the 
crate^ 

simulating incrementally rotating the 
bit, and repeating the calculating of the 
crater parameters for a selected number of 
simulated incremental rotations; 

combining the volume of each crater 
formed by each of the cutting elements on 
each of the roller cones to detennine the 
volume of formation cut by each of the 
roller cones; and 

adjusting at least one of the bit 
design parameters, and repeating the 
calculating the crater volume, incrementally 
rotating and combining the volume 
simulating until a difference between the 
combined volume cut by each of the cones is 
less than difference in the combined volume 
determined prior to the adjusting the at least 
one of the bit design parameters. 



Passages at Page 17 Line 20, Page 14 Line 
21, Page 20 Line 1, and Page 27 line 8, as 
quoted above for Claim 34. 



Passage at Page 14 Line 10 and Page 19 line 
10 as quoted above for Claim 34. 



Passage at Page 21 line 21, Page 17 Line 8, 
and Page 14 line 6 as quoted above for 
Claim 34. 



Page 17 Line 2: **, , . the objective is to let 
each cone remove the same amount of rock 
in one bit revolution. This is called volume 
balance or energy balance." 

Page 18 Line 4: *'Let Vi. V2 and be the 
volume removed by cone 1,2 and 3, 
respectively. For the energy balance, the 
objective function takes the following form: 
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Obj = (yi-Wm)''2 + (V2-V„0^2 + (V3-V^2 

(11) 

Where Vtn = (Vi + V2 + V3)/3'' 

Page 15 Line 9; **A bit is perfectly balanced 
if: 

0)1 032 = &>3 = 33-333% or wO = 0.0% 
77I - 7/2 = )?3 = 33.333% or 7)0 = 0.0% 
Xl=X2 = X3 = 33.333% or M) = 0.0% 
?=0.0% 
In most cases if cjO, 7}0, XO, |0 are 
controlled with some limitations, the bit is 
balanced The values of cjO, 7?0, XO, ^0 
depend on bit size and bit type." 

Page 19 Line 15: "If the forces are not 
balanced, then the optimization must occixr. 
Objectives, constraints, design variables and 
their bounds (maximum and minimum 
allowed values) are defined, and the 
variables are altered to confomi to the new 
objectives- Once the new objectives are met, 
the new geometric parameters are used to re- 
design the bit, and the forces are again 
calculated and checked for balance/' 

Page 21 Line 26: "(c) comparing the volume 
of formation cut by each of said cutting 
structures with the volume of formation cut 
by all others of said cutting stmcturcs of the 
bit; (d) adjusting at least one geometric 
parameter on the design of at least one 
cutting structure; and (e) repeating stq)s (a) 
through (d) until substantially the same 
volume of fomxation is cut by each of said 
cutting structures of said bit 

Page 10 Line 17: *The roller cone bit is 
energy balanced such that each of the 
cuttiixg structures drill substantially equal 
volumes of formation." 

The specification discloses both force 
balancing and volume balancing as possible 
objectives. The description of Figure 6 
specifically refers to the force balancing 
objective, but volume balancing is also very 
specifically disclosed as another possible 
objective. 
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36. A method for detenniiiiiig an axial force 
acting on each one of a plurality of xoHer 
cones on a roller cone drill bit during 
drilling, comprising: 



simtilating drilling of an earth 
fonnation by the roller cone bit, the 
simulating comprising calcxdating, from a 
geometry of cutting elements on each of the 
roller cones and at least one characteristic of 
an earth formation being drilled by the drill 
bit, an axial force acting on each of the 
cutting elements; 



Page 19 Line 11: 'The procedure begins by 
reading the bit geometry and other 
operational parameters. The forces on the 
teeth, cones, bearings, and bit are then 
calculated." 

Page 14 Line 19: "At the initial time, tO, the 
hole bottom is considered as a plane and is 
meshed into small grids. The tooth is also 
meshed into grids (single elements). At any 
time t, the position of a tooth in space is 
fully detenxiined. If the tooth is in 
interaction with the hole bottom, the hole 
bottom is updated and the cutting depth for 
each cutting element is calculated and the 
forces acting on the elements are 
obtained,'' 

Page 22 Line 3: "(sO calculating the axial 
force acting on eadh tooth on each cutting 
structure; (b) calculating the axial force 
acting on each cutting structure per 
revolution of the drill bit; — " 



simulating incrementally rotating tha 
bit and recalculating tiie axial forces acting 
on each of the cutting elements; 



Page 14 Line 29: "(5) After the bit is folly 
drilled into the rock, these forces are 
recorded at each time step. A period [of] 
time [of) usually at least 10 seconds is 
simulated." 



repeating the simulating the 
incrementally rotating and recalculating for 
a selected number of incremental rotations; 
and 

combining the axial force acting on 
the cutting elements on each one of the 
roller cones to determine the axial force 
acting on each of the roller cones. 



37. The method as defined in claim 16 
wherein the axial force acting on each of the 
cutting elements totals an axial force applied 
to the drill bit. 



Page 14 Line 26: *The element forces are 
integrated into tooth forces, the tooth forces 
are integrated into cone forces, the cone 
forces are transferred into bearing forces and 
the bearing forces are integrated into bit 
forces." 

Page 14 Line 26: 'The element forces are 
integrated into tooth forces, the tooth forces 
are integrated into cone forces, the cone 
forces are transferred into bearing forces and 
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38. The method as defined in claim 17 
wherein the volume of each of the craters is 
determined by; 

determining an axial force on each of 
the cutting elements; 

calculating^ from the axial force on 
each of the cutting elements, an expected 
depth of penetration and projected area of 
contact between each of the cutting elements 
and the earth fomiation; and 



calculating the volume of each of the 
craters from the expected depth of 
penetration and projected area of contact 



the bearing forces are integrated into bit 
forces." 

Page 8 Line 24: 'The present application 
teaches that roller cone bit designs should 
have equal mechanical downforce on each 
of the cones. This is not trivial: without 
special design consideration, the weight on 
bit will NOT automatically be equalized 
among the cones." 



Passage at Page 14 line 26: as quoted 
above. 

Page 1 4 line 21 : "At any time t, the position 
of a tooth in space is fidly detennined. If the 
tooth is in interaction with the hole bottom, 
the hole bottom is updated and the cutting 
depth for each cutting element is calculated 
aixd the forces acting on the elements are 
obtained." 

Page 17 line 10: "Suppose the bit has a 
cutting depth A in one bit revolution. It is 
not difficult to calculate the volumes 
removed by each row and the volume matrix 
may have the form: 



V«t Vi,], 1=1,23; j=l,2A4,- 



(8) 



where i represent the cone number and j the 
row number." 



39. The method as defined in claim 18 
further wh^ein the axial force acting on 
each of the cutting elements totals an axial 
force appUed to the drill bit 

40. A method for balancing axial forces 
acting on each one of a plurality of roller 
cones on a roller cone drill bit during 
drilling, comprising: 



Page 13 lines 6: *The present invention uses 
a single element force-cutting relationship in 
order to develop tiie total force-cutting 
relationshq) of a cone and of an entire roU^ 
cone bit" 

Page 8 Line 24: '*The present application 
teaches that roller cone bit designs should 
have equal mechanical downforce on each 
of the cones. This is not trivial: without 
special desiga consideration, the weight on 
bit will NOT automatically be equalized 
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among the cones." 



simulatbig the drill bit drilling 
through an earth fonnation, the simtilating 
comprising calculating, ftom a geometry of 
cutting elements on each of the roller cones 
and at least one characteristic of an earth 
formation simulated as being drilled by the 
drill bit, an axial force acting on each of the 
cuttxag elements. 



Page 10 Line 15: *Tlie roller cone bit is 
force balanced such that axial loading 
between the ann$ is substantially equal." 

Page 19 lines 12: **The forces on the teeth, 
cones, bearings, and bit are then calculated.*' 

Page 22 Line 3: "(a) calculating the axial 
force acting on each tooth on each cutting 
stnicture; (b) calculating the axial force acting 
on each cutting structure per revolution of the 
drill bit; (c) comparing the axial force acting 
on each of said cutting stmctures with the 
axial force on the other ones of said cutting 
structures of the bit . - 



simulating incrementally rotating the 
bit and recalculating the axial forces acting 
on each of the cutting elements; repeating 
the incrementally rotating and recalculatii^g 
for a selected number of simulated 
incremental rotations; 

combining the axial force acting on 
the catting elements on each one of the 
roller cones; and 

adjusting at least one bit design 
parameter, and repeating tiie simulating until 
a difference between the combined axial \ 
force on each one of the roller cones is less 
than a difference between the combined 
axial force determined prior to adjusting the 
at least one initial design parameter. 



Page 22 line 7: "(d) adjusting at least one 
geometric parameter on the design of at 
least one cutting structure; (e) repeating 
steps (a) through (d) until approximately the 
same axial force is acting on each cutting 
structure " 

Page 19 Line 13; "Once ttie forces are 
known, they are compared, and if tiiey are 
balanced, then the design is optimized. If the 
forces are not balanced, then the optimization 
must occur. Objectives, constraints, design 
variables and their bounds (maximiim and 
xxiinimum allowed values) are defined, and 
the variables are altered to conform to the 
new objectives. Once the new objectives are 
met, the new geometric parameters are 
used to re-design the bit, and the jEbices are 
again calculated and checked for balance. 
This process is repeated until the desired force 
balance is achieved." 
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41. The method as defined in claim 20 
wherein the axial force acting on each of the 
cutting elements totals an axial force applied 
to the drill bit. 



Page IS Line 9: . .the balance condition of 
a roller cone bit may be evaluated using the 
following criteria: 

Max (0)1,6)2,0)3) - Min (col,co2,ci)3) <= coO 
. . . where coi (i=l>2>3) is defined by wi = 
WOBi / WOB * 100 %, WOBi is the weight 
on bit taken by cone i. 
... A bit is perfectly balanced if: 

6)1=0)2 = 6)3 = 33.333 % or 6)0 = 0.0% 
In most cases if 6)0, 7/0, >fl, |0 are 
controlled with some limitations, the bit is 
balanced. The values of a)0, lyO, XD, ^ depend 
on hit size and bit type." 

Page 15 line 16: **6)i (i=l,2,3) is defined by 
0)i = WOBi / WOB * 100 %, WOBi is the 
weight on bit taken by cone i.. . . 

A bit is perfectly balanced if: 6)1 = 6>2 = 6:3 
= 33.333%..-." 



42. The method as defined in claim 20 
wherein the at least one bit design paramet^ 
comprises a number of cutting elements on 
at least one of the cones. 

43. The method as defined in claim 20 
wherein the at least one bit design parameter 
comprises a location of cutting elements on 
at least one of the cones. 

44. The method as defined in claim 15 
wherein the at least one bit design parameter 
comprises a number of cutting elements on 
at least one of the cones, 

45. The method as defined in claim 15 
wherein the at least one bit design parameter 
comprises a location of cutting elements on 
at least one of the cones. 

46. A method for optimizing a design of a 
roller cone drill bit, comprising: 



Page 16 Line 15. "Amoi]^ these parameters, 
the teeth crest length, their positions on 
cones (row distribution on cone) and the 
number of teeth play a significant role.'* 

Page 16 Line 15. "Among these parameters, 
the teeth crest length, their positions on 
cones (row distribution on cone) and the 
number of teeth play a significant role.** . 

Page 16 Line 15. "Among these parameters, 
the teeth crest length, ttidr positions on 
cones (row distribution on cone) and the 
number of teeth play a significant role." 

Page 16 Line 15. "Among these parameters, 
the teeth crest length, Aeir positions on 
cones (row distribution on cone) and the 
number of teeth play a significant role." 

Page 1 line 8: *Tlie present invention relates 
to down-hole drilling, and especially to the 
optinaization of drill bit parameters." 

Page 9 Line 24: *The present application 
describes bit design procedures which 
provide optimization of downforce 
balancing as well as other parameters,** 
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